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(54) An autostereoscopic display 



(57) An autostereoscopic display comprises a first light source 4 and a second light source 5, the radiation from 
which IS focused by an optical arrangennent 6, 8 on respective eyes of an observer in viewing zones 9 and 10 A 
spatial light modulator 7 modifies the radiation received by each eye such that each eye receives a respective 
first and second image of a stereoscopic image pair. The light sources may be of different wavelengths with the 
spatial light modulator comprising two sets of wavelength selective elements each set producing respective first 
and second images, or the light sources may be controlled in combination with the modulator 7 to produce 
respective frame sequential image pairs. 
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AN AUTQSTEREOSCOPIC DISPLAY 

The present invention relates to an autostereoscopic display, that is, a display which 
provides a stereo image which can be viewed, in stereo, without an observer having to 
wear special eyewear. 

Many applications for display products benefit gready from the extra information and 
impact generated by stereoscopic (3-D) images. The entertainment industxy has made 
use of various 3-D techniques for many years and more recently medical imaging, 
molecular design and engineering design disciplines have experimented with 3-D 
techniques. 

Most of the displays used in the above industries have been based on the well-known 
techniques of providing left/right eye views by providing the observer with glasses 
which select the appropriate view based on colour selectivity, orthogonal polarisations 
oi synchronised shuttering techniques. 

More recent developments have produced a number of autostereoscopic display 
techniques based on a variety of holographic, optical and electro-optical techniques. 
These displays are typically expensive, requiring either multiple viewing cameras and 
display elements, or contain difficult to manufacture holographic components often with 
moving parts, or are difficult to assemble requiring accurate sub-pixel alignment of 
lenticular arrays behind LCD devices. Examples of such displays are given in articles 
in SPIE Vol. 2219 Cockpit Displays (1994) by: G.R. LitUe et al, "Mukiperspective 



autostereoscopic display", pages 388-394; and J. Eichenlaub et al, "An in-cockpit 

'situation awareness' autostereoscopic display"* pages 395-406. , 

I 

t 

The piiesent invention aims to provide a low-cost display device which uses readily 

5 available components, has no critical alignment requirements, and can provide 2-D or 

i 

3-D images. j 

According to the present invention there is provided an autostereoscopic display 
comprising: means for supplying light from first and second I positions; an optical 
10 arrangement for directing light from each of the said positions to respective eyes of an 
observer in a viewing zone; a spatial light modulator for modiiyinig the light transmitted 
to the observer from the first and second positions; and means for controlling the spatial 
light modulator such as to generate first and second images as viewed by respective eyes 

i 

of the observer. | 

I 

15 ; 

! 

a conventional cathode ray tube (CRT) display and most other emissive displays, the 

i 

i 

light generating function and the spatial brightness modulation of ithe emitted light take 
place on the same surface, e.g. the phosphorous screen of the CRT. With such displays 
iUsonly possMC-to Pipdu^^ 

20 providing an observer with an appropriate pair of fdters, one for each eye, normally in 
the form of a pair of glasses. The present invendon arises from a realisation that with 
spatial light modulators, such as a liquid crystal display (LCD), the light generating 
function is separate from the spadal modulation, with a backlight for the LCD normally 
being placed direcdy behind the screen. By providing light from two positions, or two 




3 

light source s^ rel ative to the jpatial light modulator and directing light from jhcjwo 
positions, or light sources, to respective eyes of an observer then light from the two 
positions in combination with appropriate control of the spatial light modulator can be 
used to provide an autostereoscopic display to an observer. 



According to one embodiment of the invention, the means for supplying light is such as 
to supply light of first and second wavelengths respectively from the firet and second 
positions; the spatial light modulator comprises a first set of elements for modulating 
light of the first wavelength, and a second set of elements for modulating light of the 
second wavelength; and wherein the control means activates the first and second sets of 
elements to respectively modify the light transmitted to the observer from each of the 
said positions such that first and second images are observed by respective eyes. 

By having a light incident on the display from two positions of respective different 
wavelengths, separate from the spatial light modulator, appropriate image pairs can be 
presented to respective left and right eyes of an observer by controlling wavelength 
selective elements of the spatial light modulator, which elements, in conjunction with the 
separated positions, provide tiie filtering effect previously implemented by coloured 
spectacles. One limitation of using light of different wavelengths is that, (without going 
into complex arrangements of light sources requiring each light source to be switchable 
between a number of different wavelengths, and controlling the spatial light modulator 
in a correspondingly complex manner) only a monochrome image, comprising two 
primary components, is apparent to the observer. If it is desirable to produce a display 
other than a monochrome image, then this can be achieved according to a second 



4 



embodiment of the invention. 

According to a second embodiment of the invention the means for supplying light is 
designed to be switched so as to supply light alternately from the two positions, the 
5 control means being synchronised to the said switching so as to generate the first and 
second images when light is supplied from the first and second positions respectively. 
In this way a full colour display can be generated by generating on the spatial light 
modulator a first and a second set of frame sequential images associated with the first 
and second positions, and therefore left and right eyes respectively. If a conventional 
1 0 LCD display is en^)loyed then, because of the relative switching speeds of such displays, 
some flicker or image smearing may be apparent Preferably an LCD having a high 
switching speed is employed, such as a ferro-electric LCD, to overcome this problem. 

It is preferable that the spatial light modulator comprises a liquid crystal display because 
15 such displays arc readily available at relatively low cost, however the invention is 
equally applicable to any addressable screen with a variable electro-optic function, 
including reflective type displays located in the optical path. ^ 

ftcferabjyjhejpadalji planar.and-the optical arrangement-comprises- - 

20 a Fresnel lens adjacent to the modulator. Such a lens provides a convenient way of 
focusing die light across the whole of the modulator and can have a focal length suitable 
to provide an image of the backlight in the required viewing zone. If the spatial light 
modulator is transmissive the lens may be either in front or behind the spatial light 
modulator. However, it is particularly advantageous that the lens arrangement causes 



light from both light positions to be incident at an angle substantially perpendicular to 
the plane of the modulator over the surface of the modulator. Because most spatial light 
modulators such as LCDs have transmission characteristics which are dependent upon 
the angle of incidence of the illuminating light, this ensures that the transmission 
characteristics are substantially uniform across the whole surface of the spatial light 
modulator. This is particularly important in a stereoscopic application for if the display 
exhibits a varying response to the light received from the two positions then the quality 
of the stereo effect is degraded. 

It is particularly advantageous if a Fresnel lens is located adjacent either side of a 
transmissive spatial light modulator. This enables the total available optical power of 
the imaging system to be increased, enabling the backlight to LCD spacing to be reduced 
providing a more compact display. Also it permits the light rays which pass through the 
spatial light modulator from the whole of each position to transverse the spatial light 
modulator at similar angles, especially if the lens between the light positions and the 
spatial light modulator has a focal length close to the desired backlight to spatial 
modulator spacing with the lens between the spatial light modulator and the observer 
having a focal length equal to the desired distance between the modulator and the 
observer. 

If it is desired that the display be viewed by a number of observers, then if the display 
backlight comprises a plurality of first and second light positions a number of 
stereoscopic image pairs can be generated to a plurality of viewing zones so thai a 
number of observers can view a stereoscopic image simultaneously. 



It may be advantageous that the display includes naeans for monitoring the head position 
of an observer and means for moving the first and second positions such that the viewing 
zone follows the nroveraent of the observer's head. The physical position of the light 
sources need not be altered, instead this can be achieved by displacement of the lens 
arrangement If the images are computer generated, then preferably the computer also 
modifies the images in response to the movement of the head; such as to present a 
pseudo-parallax effect to the observer, maintaining the observer's perspective and 
thereby enforcing the 3-D effect Similarly if the images arc being pix>duced by a camera 
pair then moving die cameras to follow the head will give a true parallax stereoscopic 

view. I 

i 

Hie present invention will now be described by way of example only, with reference to 

! 

i 

the accompanying figures, of which:- ! 

i 

Figure 1 is a schematic diagram of a display in accordance with the present invention; 

and I 

i 

Figure 2 Illustrates alternative arrangements of light sources. 



Referring to Figure 1, the display comprises an array of fluorescent tubes 1, a diffuser 

! 

2 and a non-transmissivc screen 3 having apertures 4 and 5 each having wavelength 
selective filter elements located therein. The filter element in aperture 4 is transmissive 
to red light of wavelength A , and the filter element in aperture 5 to green light of 
wavelength X j. The two filter elements in combination with the diffuser and fluorescent 



tubes act as light sources, light firom which is incident on the surface of Fresncl lens 6 
and LCD 7. The Frcsncl lens 6 in combination with a further Fresnel lens 8 focuses the 
radiation at viewing zones 9 and 10 respectively. 

An observer with his head at position 1 1 looking at the LCD 7 observes radiation 
focused in his left eye, in viewing zone 9, from aperture 4. and radiation focused in his 
right eye, at viewing zone 10, from aperture 5. With all the elements of the LCD being 
in a transmissive state, the LCD appears to the observer to be uniformly lit, light being 
directed by Fresnel lens 6 through idl the elements of "the display 7 in a direction 
substantially mutually perpendicular to the plane of the display, such that the 
transmission characteristics are uniform across the display. 

The LCD is in this specific example a 21.5 cm diagonal three colour LCD display, two 
of the colours, red and green, corresponding to the wavelengths of the filters in apertures 
4 and 5 respectively. Ideally the LCD 7 would be a two colour display, but three colour 
displays are readily available, as is the hardware and software for driving such displays. 
The redundant blue pixels, or elements, do not degrade the performance of the display 
to any significant extent 

The red and green pixels of the LCD 7 are driven by control circuitry 12 to produce a red 
first image and a green second image of a stereoscopic pair of images. Because red light 
,) from filter in aperture 4 is only received by the left eye, the observer at 1 1 only sees 
the "red image" with his left eye. the first image of the stereo pair of images. Likewise 
he only receives the "green image", or second image of the stereo pair, with his right eye. 
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These images are combined by the brain to give a 3-D monochrome image which is 
yellow. 



Each of the filter elements in apertures 4 and 5 is 3 cm wide and 4 cm high. Tnese filters 
5 are located 15 cm behind the LCD. The observer is located some 30 or 40 cm in front 
of the LCD display. An observer can raise or lower their head quite substantially 
without any noticeable effect on the viewed image, the image simply fading out when 
the person's eyes are no longer in the viewing zones 9 and 10. The distance between the 
observer and the display is also not critical, the observer requiring to move in excess of 
10 10 cm forward or backward before they start to receive both red and green light sources 
in any one eye to an extent where the stereoscopic effect is noticeably degraded. 
However, lateral movement of the head by more than 3 cm brings one eye into the 
"wrong" zone. 

IS In applications where lateral noovement of the head is desirable, for example in head-up 
display applications, head or eye position detecting means 13 is provided to track the 
position of the observer's head. The signal from the position detecting means is fed to 
controller 12 which in turn controls actuator 14 which slides the screen 3 containing 
— ^—filter elements in q^eitures 4 and 5 in an opposite direction to that in w 
20 moves. If the observer moves to position 11' then screen 3 is moved such that apertures 
4 and 5 are at positions 4* and 5' causing the viewing zones 9 and 1 0 to track the position 
of the observer's head to position 11'. 

If a display is to be viewed simultaneously by two observers, then two sets of filter 



elements are located in two sets of apertures at 4, 5 and 4', 5'. Two observers located at 
positions 1 1 , 1 r can then simultaneously view the display. Similarly, three or more pairs 
of apertures can be included to provide a corresponding number of viewing positions. 



It will be appreciated diat many alternative light sources can be used, for example instead 
of fluorescent tubes and filter elements an array of coloured LEDs could be employed. 
Furthermore, using such an array of LEDs would enable the optimum viewing zone to 
be moved simply by "walking" regions of iUuminated pixels coiresponding to the two 
different colour light sources across the anay of pixels such that viewing zones 9 and 10 
track the position of the observer. Similarly if the switching speed of the LCD is 
sufficiendy fast, the regions of each light source could be switched between the three 
piiraaiy colours, with each image on the LCD being switched in synchronism between 
the same three sets of primary colours of the LED pixels such as to display three 
corresponding images synchronised to the switching of the LCD. thereby generating in 
each eye a full colour display due to the persistence of vision. 

A simpler approach to a full colour display is obtained by placing shutters in apertures 
4 and 5 which shutters open and close in antiphase in synchronism with the LCD. The 
LCD then displays a first image of an image pair when a first shutter is opened, and a 
second image of an image pair when the second shutter is opened. Each eye of an 
obseirer sequentially receives fuU colour first and second images in respective left and 
right eyes. In such an arrangement a suitable display is a ferro-electric LCD display for 
this has a fast enough switching time to ensure that the eye does not perceive the flicker 
associated with each shutter being shut for 50% of its cycle. Head tracking and multiple 



10 ; 
Viewing is achieved in exactly the same way as described above. 



Whether a fuli colour display or nK,nochron. display is generated, if the i„^e 
displayed is computer genenued and the position of the observer's head is tracked, then 

5 ^^^'^"'erlZn.odif.esthei^ageontheLCDindependenceonthepositionofthe 

obsen^e^s head in order topn^sentapseudo-parallaxeffectprovidingan enhanced 3-D 
effect to the observer as he changes position. 

■0 show., ^c^^^ ^ ^ ^ ^ 



15 



20 



without any modification. 



»ilHls™», orcoirtd be mco>pom=d to , head-«p display. 



..»n..„ve ,r^^„ ^ ^ ^^^^ ^ ^ ^ 

P».W.d ,y «, „, ^„ ,5. „ „ ^ ^ ^ ^ ^^^^ 

™ „s». . ^„ ^^^^ ^^^^^ 
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sources in combination with filter elements 17. 18, or, as illustrated in Figure 2c, one 
miiror 19 may be frequency selective such that mirrors 15 and 19 themselves define the 
separate light sources. 



CLAIMS 
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1 . An autostereoscopic display comprising: means for supplying light from fiist and 
second positions; an optical airangement for directing light from each of the said 
positions to respective eyes of an observer in a viewing zone; a spatial light modulator 
for modifying the light transmitted to the observer from tiie first and second positions; 
and means for controlling the spatial light modulator such as to generate first and second 
images as viewed by respective eyes of the observer. 

2. A display as claimed in claim 1 wherein: the means for supplying light is such 
as to supply light of first and second wavelengths respectively from the first and second 
positions; the spatial light modulator comprises a first set of elements for modulating 
light of the first wavelength, and a second set of elements for modulating light of the 
second wavelengtii; and wherein the control means activates the first and second sets of 
elements to respectively modify the light transmitted to the observer from each of tiie 
said positions such that first and second images are observed by respective eyes. 

3. A display as claimed in claim 1 wherein the means for supplying light is designed 
to be switched soas^to supply lightliltematcljrfrom the twol)ositions, and wherein the 
control means is synchronised to the said switching so as to generate the first and second 
images when light is supplied from the first and second positions respectively. 

4. A display as claimed in any preceding claim wherein a plurality of first and 
second images are formed such that an observer views a moving three dimensional 
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image. 

5. : A display as claimed in any preceding claim wherein ttie spatial light modulator 
comprises a liquid crystal display. 

6. ! A display as claimed in any prcccdmg claim wherein the spatial light modulator 
is planar and the optical arrangement conq>riscs a Fresnel lens adjacent to the modulator. 

7. A display as claimed in any preceding claim wherein the spatial light modulator 
is planar, modulates light transmitted therethrough, and wherein the optical arrangement 
causes the light from both positions to be incident at an angle substantially perpendicular 
to the plane of the modulator over the surface of the modulator. 

8. I A display as daimed in claim 7 wherein a Fresnel lens is located adjacent either 
side of the spatial light modulator. 

9. : A display as claimed in any preceding claim in which the means for supplying 
light comprises a plurality of pairs of first and second positions from which light is 
supplied and in which the optical arrangement is such as to provide a corresponding 
plurality of stereoscopic image pairs to respective viewing zones. 

10. ; A display as claimed in any preceding claim including means for monitoring the 
head position of an observer and means for moving the first and second positions such 
that the viewing zone follows the movement of the head. 
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11. A display as claimed in claim 10 wherein the displayed images aie computer 
generated and wherein the computer modifies the images in response to detection of 
movement of an observer's head such as to present a pseudo-parallax effect to the 
observer. 

12. A display as claimed in any one of claims 1 to 10 wherein the first and second 
images are generated by first and second cameras of a camera pair. 

13. A display as claimed in claim 10 further comprising a camera pair for generating 
the first and second images and means for controlling the camera pair in response to 
movement of an observer's head. 

1 4. A display as claimed in any one of claims 1 to 9 wherein a 2-D image is observed 
by an observer when the first and second images are the same. 

15. An autostereoscopic display substantially as hereinbefore described with 
reference to, and as illustrated in, Figure 1 of the accompanying drawings. 

16; An-autostereoscopic~display~substantiaUynaFhercih 

reference to, and as illustrated in. Figure 1 modified as shown in Figure 2a, 2b or 2c of 
the accompanying drawings. 
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